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2Loud? 
Monitoring traffic noise with mobile phones 
ABSTRACT: The World Health Organization has recently focused attention on guidelines 
for night noise in urban areas, based on significant medical evidence of the adverse impacts 
of exposure to excessive traffic noise on health, especially caused by sleep disturbance. This 
includes serious illnesses, such as hypertension, arteriosclerosis and myocardial infarction. 
2Loud? is a research project with the aim of developing and testing a mobile phone 
application to allow a community to monitor traffic noise in their environment, with focus on 
the night period and indoor measurement. Individuals, using mobile phones, provide data on 
characteristics of their dwellings and systematically record the level of noise inside their 
homes overnight. The records from multiple individuals are sent to a server, integrated into 
indicators and shared through mapping. The 2Loud? application is not designed to replace 
existing scientific measurements, but to add information which is currently not available. 
Noise measurements to assist the planning and management of traffic noise are normally 
carried out by designated technicians, using sophisticated equipment, and following specific 
guidelines for outdoors locations. This process provides very accurate records, however, for 
being a time consuming and expensive system, it results in a limited number of locations 
being surveyed and long time between updates. Moreover, scientific noise measurements do 
not survey inside dwellings. 
In this paper we present and discuss the participatory process proposed, and currently under 
implementation and test, to characterize the levels of exposure to traffic noise of residents 
living in the vicinity of highways in the City of Boroondara (Victoria, Australia) using the 
2Loud? application.  
Key words: Traffic noise; noise monitoring; mobile sensing; participatory sensing; GIS. 
Introduction 
Environmental noise is an unwanted or harmful outdoor sound created by a diversity of 
human activities, including noise from road, rail, airports, and from construction and 
industrial sites. It is a side-effect of global trends of urbanisation, with public health 
implications for citizens’ well-being and quality of life.  
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This paper reports on the second phase of a broad project on “Effects of traffic noise on 
health”. The aim of this broad project is to better understand the relationship between 
exposure to traffic noise and health, and produce knowledge that can assist in developing 
more informed and unified policies for traffic noise management in Australia. 
The first phase of the project, developed in 2012 a review of national and international 
literature related to medical evidence of the relationship between noise and health, and 
policies for noise management. The main findings from the preliminary review are  briefly 
listed as (Leao et al, 2012): 
 There is ample medical evidence of the adverse impacts of exposure to excessive traffic 
noise on health since 1960s, including serious illnesses, such as hypertension, 
arteriosclerosis and myocardial infarction. Increasing volume of research and scientific 
development from 1960s until the present have confirmed old findings, and added more 
evidence. Research on the relationship of noise and health is extensive and varied, either 
in the themes, methods, or field of analysis. Most of the research has been developed in 
Europe. Unfortunately, there are few studies assessing impacts of traffic noise on health 
for the Australian context. 
 Sleep disturbance is identified as the major cause of ill health from exposure to noise. It 
causes arousal of the endocrine and autonomic nervous system, which affects classical 
biological risk factors for health, such as blood pressure, blood lipids, glucose regulation, 
blood flow, haemostatic factors, cardiac output, and also causes chronic metabolic 
changes and dysfunctions. In 2011, The World Health Organisation (WHO) 
recommended a reduction of the night noise threshold from 50 dB(A) to 40dB(A), based 
on new medical evidence that sleep disturbance starts at 42 db(A).  
 There is a gap between the long existing scientific knowledge of the adverse effects of 
traffic noise on health and its transposition to policies for managing noise in urban areas. 
Only recently has this evidence started to inform urban policy making. The European 
Union (EU) has pioneered developing evidence-based policies for noise management. In 
2002, Europe adopted the END (the European Noise Directive), to which all EU member 
states had to conform. The European Noise Directive currently adopt the following 
indicators: 55 db(A) for the day period and 50 db(A) for the night. 
 Policies for noise management in Australia differ significantly among states. Thresholds 
and indicators for noise policies are diverse (for example, ranging from 55/60 dB(A) in 
NSW to 63/68 db(A) in Victoria for the daytime period, before sound attenuation is 
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implemented on highways), they are generally arbitrary and not based on scientific 
evidence, and they are sometimes incomplete (for example, Victoria does not have a 
specific threshold for the night period). As a rule, they allow high level of exposure to 
noise in Australia, when compared to current best practice in Europe.  
Taking into consideration these findings, the second phase of the project progressed in 2013 
by assessing the level of exposure to traffic noise of residents living in the vicinity of 
highways in the City of Boroondara (Victoria, Australia). The night period and indoor 
locations are the focus, since sleep disturbance is the major trigger for ill health related to 
exposure to traffic noise. Therefore, a participatory process enabling residents to measure 
their own environmental noise using mobile phones has been proposed, in order to facilitate 
indoor-overnight monitoring, and to engage and educate the community. The 2Loud? mobile 
phone application has been developed for this purpose in the project. 
In this paper we present and discuss the proposed participatory process to characterize the 
levels of exposure to traffic noise of residents using the 2Loud? application, which is 
currently under implementation and testing by a community.  
Participatory and mobile sensing 
Numerous international reports have expressed the importance of public participation to move 
cities and regions towards sustainable development (Banisar et al., 2012). For example, in the 
1992 United Nations Conference on Environment and Development (UNCED), Principle 10 
addressed the importance of public participation in the management of environmental issues. 
Following this, the Aarhus Convention in 1998 (United Nations Economic Commission for 
Europe, UNECE) emphasised the need for access to information and public participation in 
decision-making, as well as access to justice in environmental matters. Recently, in the 
Rio+20 Conference on Sustainable Development in 2012, principle 10 was again in the 
forefront of discussions. 
Considerable debate surrounding the meaning of participation and the various forms it can 
take has emerged. There is a diversity of power relations in public engagement. Participation 
in urban and environmental management can range from simple consultation processes where 
only opinions are exchanged, to real collaboration, or even to fully transformative and 
empowering processes where decision making is shared between multiple stakeholders, 
including community (Pretty et al, 1995). 
In this paper we focused our review on participatory processes related to environmental 
monitoring. Conrad and Hilchey (2011) reviewed 10 years of literature on community based 
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monitoring groups. They concluded that public participation in environmental monitoring, 
planning, and decision making has enjoyed significant growth, which can be correlated to the 
increase in public environmental consciousness in the last decades, together with increasing 
adverse effects from urbanization and other human interventions, and the strengthen of 
democratic rights in most countries.  
Participatory sensing, community sensing, citizen science are all interrelated concepts under 
the umbrella of public participation. They all emphasise the involvement of citizens and 
community groups in the process of sensing and documenting life where they live, work and 
play, ranging from private personal observations to the combination of data from hundreds, or 
even thousands of participants, that reveals patterns across an entire city (Goldman et al., 
2008).  
Several features of mobile phones make them a special and unprecedented tool for engaging 
participants in sensing their local environment (Gouveia and Fonseca, 2008). Smart-phones 
come with a growing set of powerful embedded sensors, such as an accelerometer, digital 
compass, gyroscope, GPS, microphone, and camera, which are enabling the emergence of 
personal, group, and community-scale sensing applications (Lane et al., 2010). In addition to 
sensing, phones come with computing and communication resources that offer a low barrier 
of entry for third-party programmers, and current application stores allow the developers to 
deliver their work to large populations of users across the globe. Also, mobile computing 
cloud enables developers to offload mobile services to back-end servers, providing 
unprecedented scale and additional resources for computing on collections of large scale 
sensor data. Moreover, mobile phones present sheer ubiquity across the demographic and 
geographic spectrum (Goldman et al., 2008).The combination of these advances opens the 
door for new innovative research and will lead to development of sensing applications that are 
likely to revolutionize a large number of existing business sectors and ultimately significantly 
impact our everyday lives (Lane et al., 2010). 
For example, accelerometer data is capable of characterising the physical movements of the 
user carrying the phone (ex. CenceMe application). The GPS allow the phone to localise 
itself, enabling new location-based applications such as local search and navigations. The 
compass and gyroscope represent an extension of location, providing the phone with 
increased awareness of its position in relation to the physical world (direction and 
orientation), enhancing location-based applications. The camera and microphone are probably 
the most ubiquitous sensors on the planet, allowing the mobile phone to record sounds and 
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images. A large number of combinations of these sensors is possible, enabling applications to 
perform highly complex monitoring tasks (Lane et al., 2010).  
More sensors will probably be incorporated into phones in the future. Some examples can 
include barometer, temperature and humidity sensors (Chaudhurry et al., 2008), air quality 
sensors (Honicky et al., 2008), a person’s blood pressure sensors in ear phones (Poh et al., 
2009), etc. 
Participatory mobile sensing is based on the understanding that the benefits from a 
participatory process in environmental monitoring include increasing environmental 
democracy, scientific literacy, social capital, cost-effective provision of data, and potential 
improvement of environmental conditions (Conrad and Hilchey, 2011). In the case of research 
projects, the participatory monitoring process can also make environmental science and 
expertise more accessible to the public while also making scientist more aware of local 
knowledge and expertise. 
These benefits, however, also come accompanied by challenges. Conrad and Hilchey (2011) 
identified a number of issues that can hinder the success of community based monitoring 
groups in achieving their goals. At the organizational level, lack of volunteer interest, 
networking opportunities, funding, and access to information were listed as the most common 
problems. Data collection issues include data fragmentation, inaccuracy, and lack of 
participant objectivity. Finally, many groups found that their data is not used in the decision-
making process. 
All the technologies that power the individual in the process of monitoring and understanding 
their environment exist today. What is still necessary to develop further is to extend and 
combine them in innovative and informative ways that engage individuals as active members 
of society and nurture the current culture of participation that is taking root around these 
transformative technologies (Goldman et al., 2008). Participatory sensing can have a profound 
influence on individual people and society at large. 
Precedents of noise monitoring using mobile phones 
There are numerous applications for smartphones designed to measure sound or assess noise. 
A search on the 1st of June 2013 in the Apple App Store, for example, using “sound meter” as 
the key word, resulted in 120 applications available for i-phones. Using different searching 
words, such as “noise” or “loudness” would increase this list even further.  Performing a 
similar search in Android Market, Microsoft Mobile Marketplace or Nokia Ovi would 
probably add another hundred applications to the list. 
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This does not mean, however, that smartphones can be easily and readily used as sound 
meters for the purpose of providing data for noise management. Most of these applications 
were designed for entertainment only, allowing the users to have an insight on the levels of 
noise they are experiencing at a certain location and time, but without high levels of accuracy. 
We found in the scientific literature only three applications which were scientifically 
designed, implemented and tested to measure noise through mobile phones within a 
framework for community participation. They are(1) the NoiseTube, developed in 2009 by an 
integrated group of European universities (France, Belgium and The Netherlands) 
(Maisonneuve et al., 2009), (2) the NoiseSpy, developed in 2010 by the University of 
Cambridge, UK (Kanjo, 2010), and (3) the Ear-Phone, developed in 2010 and led by the 
University of New South Wales and CSIRO, Australia, with collaboration of Portland State 
University, USA (Rana et al., 2010). 
These are three recent precedents for the research presented here. They have some similarities 
in their goals and selected platforms, and some differences in their goals, implementation and 
testing strategies, and also the resulting achievements.
The NoiseTube is the first application of the kind reported in the literature. The NoiseTube 
project aimed at developing a participative noise pollution monitoring network to enable 
citizens and governmental bodies to gain awareness of and insight into the problem of urban 
noise pollution and its social implications. This development was motivated by the END 
(European Noise Directive) emphasis on the development of noise maps which would provide 
a detailed and complete portrayal of the population’s exposure to noise.  
NoiseTube platform consists of an application which the participants install on their mobile 
phones to turn it into a noise sensor device. The mobile application contains a real-time signal 
processing algorithm which measures the loudness level of the microphone at a chosen 
interval. An A-weighted filter is then applied and the equivalent sound level (Leq) measured 
in dB(A) is computed. The calculated loudness is displayed on the mobile phones’ screen. 
Users can annotate sound in specifying the source of a noise and give an annoyance rating or 
any other additional contextual information. The noise readings and annotations are sent a 
server with additional information of location (mobile GPS) and time (mobile clock). Users 
can visualize aggregated noise data on a map overlaying Google Earth. Details on the method 
for data aggregation are not provided.  
The NoiseTube application is written in Java for Symbian/S60 operating system, and has been 
tested on a Nokia N95 smart phone. No public experimentation of the application by 
community members has been developed. The accuracy of the program in this phone, 
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compared to a scientific sound meter in a laboratory experiment, resulted in a final precision 
of +4 dB within a sound scale from 35 to 100 dB.  
The NoiseSpy is the second application of this type to be reported in the scientific literature. 
Similar to the previous application, NoiseSpy is a sound sensing system that turns the mobile 
phone into a low-cost data logger for monitoring environmental noise, allowing users to 
explore a city area while collaboratively visualizing noise levels in real time. It is developed 
for Nokia Series 60 with Symbian OS v9, written in C++. The main purpose of NoiseSpy 
emphasizes the use of the application as a means for engagement of people in mass 
participation in environmental campaigns, and as a consequence, to raise awareness of 
environmental issues and supporting education processes. The application of the data for 
planning and management seems secondary, since no assessment of the accuracy of the data 
has been performed.  
The Ear-Phone is focused on producing noise maps taking into consideration the intrinsic 
difficulties imposed by data provision from citizens and through mobile phones. The research 
team recognizes that in principle, mobile phones are intended for communication, rather than 
for acoustic signal processing. However, to be credible, noise pollution data collected on 
mobile phones should be comparable in accuracy to commercial sound meters used to 
measure noise pollution. Therefore,  the Ear-Phone developed a methodology based on 
compressive sensing, which addresses the problem of recovering the noise map from 
incomplete and random samples obtained by crowd-sourcing data collection.  
Similar to the previous two applications reported here, Ear-Phone was written on Java for 
Symbian OS, and designed to run in Nokia N95 and HP iPAQ 6965. After calibration, 
compared to a commercial sound meter, Ear-Phone demonstrated a precision of + 2.7 dB. 
Only changes in sound from 3dB are perceptible to the human ear. This result assumes the 
phone is carried in the volunteer’s palm or in a manner such that the microphone is not 
obstructed. The second performance assessment of Ear-Phone was related to the aggregation 
of the data through the compressive sensing methodology. Results from a case study with six 
participants indicated that when data from only one person was used, the reconstruction does 
not reveal any distinct patterns. However, when data from multiple persons were included, the 
reconstruction gradually revealed contrasts between noisy and the quiet areas. Furthermore, 
after a certain threshold, increasing data contributors did not improve the reconstruction 
accuracy significantly. This method and experiment demonstrates the importance of mass 
participation in citizen science. 
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There has been significant discourse in the literature about participatory noise mapping using 
mobile phones, with advocates for pro (D’Hondt et al., 2012) and cons (Santini et al., 2009) 
perspectives. This debate is very healthy, because it helps to raise the importance of 
community participation, and at the same time, identifying barriers and limitations that would 
need to be addressed if a higher level of application of the noise data for planning, 
management and decision making would be desired.  
Unfortunately, while some academics were assessing and discussing the implications of the 
systems proposed and tested, the majority of the authors of the applications here described, 
moved on to new topics of research. This is unfortunate, because this field needs further 
development before it can produce a more significant impact on the foundations, methods and 
procedures for urban noise management. We believe that the main cause of this abandonment
of participatory-mobile noise mapping research is because the research presented here was led 
by the information technology field and had technological development as the driving force. 
Information technology is a very dynamic field, and highly instrumental and operational in its 
developments. Most of the researchers involved in developing NoiseTube, NoiseSpy and Ear-
Phone, remained  working on the fields of pervasive computing and wireless sensing, but they 
are now developing different systems or approaching different themes related to mobile 
sensing.  
The only exception was one of the authors who has expertise not only on mobile computing, 
but also in citizen science. Therefore, the driving forces here are not only the technological 
development, but the implications of the technology to community participation and the wider 
social and political effects. He continues to develop and publish in the area of participatory 
noise mapping. Indeed, a publication in 2012 presented more and positive results for a case 
study using NoiseTube (D’Hondt et al., 2012). In that paper they aimed at providing concrete 
proof that participatory techniques, when implemented properly, can achieve the same 
accuracy as standard noise mapping techniques. A public experimentation of NoiseTube has 
been reported four years after its development in 2009. The case study was developed in the 
city of Antwerp, using NoiseTube, through a citizen science experiment for noise mapping in 
a 1 km2 area. Measuring equipment in accordance with official norms insofar was set up, and 
also extensive calibration experiments were carried out. Moreover 13 volunteers from a 
citizen-led Antwerp-based action group collaborated in the measurements. From the data 
gathered they construct purely measurement-based noise maps of the target area with error 
margins comparable to those of official simulation-based noise maps. They also reported on a 
survey evaluating NoiseTube, as a system for participative grassroots noise mapping 
179
  
campaigns, from the user perspective.  De-identification of the data was obtained from 
aggregation of noise readings by grid cells, however, there is no details explaining how data 
from different days and time are integrated into the final indicator for each cell. 
The 2Loud? application 
Despite the diversity in why and how individuals engage in participatory sensing, the basic 
process is similar across the approaches. To present the 2Loud? project approach, we use here 
the framework suggested by Goldman et al. (2008) for the steps of the sensing process 
(coordination, capture, transfer, storage, access, analysis, feedback, and visualization), 
adapting to our case with the inclusion of few new steps (scope, development of sensing 
system, validation, GIS).  
1. Scope: This step involves the definition of the scope of the project in terms of its purpose, 
boundaries and coverage. Santini et al. (2008) noted that context-awareness in noise 
measurement by mobile-phones is essential for quality and potential application of the 
data. It means that when and how the noise is measured should not be random. The most 
contextually defined the noise readings are, the easier and more robust the process of 
multiple data integration will be. Location, time, conditions for noise readings such as out 
of the pocket, stationary, indoors, outdoors, during the day, for a particular event, during 
the night are all examples of contextual characteristics. The context for the 2Loud?
project was defined by Deakin University team and the City of Boroondara working 
group, through integrated discussion. The 2Loud? project is focused on characterising the 
exposure to traffic noise inside the dwellings of residents living in close proximity to 
highways during the night. This context defines the scope of the project in terms of 
general location (close proximity to highways), specific location (inside dwellings), and 
time (overnight).  
The 2Loud? project scope is also based on the understanding that exposure to traffic 
noise is a complex issue with multiple variables, and that no single solution can be 
effective (Figure 1). The 2Loud? project relates noise readings from the community to 
information gathered on the geographic context, characteristics of the dwellings and 
transportation. 
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Figure1. Variables affecting directly or indirectly the exposure to traffic noise of residents 
(source: The authors)
2. Coordination: This step involves recruiting and communicating with participants to 
explain the sensing effort and provide necessary guidance. The recruitment and 
communication strategy involved  an invitation mail to all addresses within the study area 
(approximately 800 potential participants), a website dedicated to the project 
(www.2loud.net.au, Figure 2), regular articles published in the on-line council Bulletin, 
links to social media, updates in the weekly newsletter distributed to all households in 
council, internet and phone support to new users. 
Figure 2. 2Loud? website (source: The authors)
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3. Development of sensing system: The 2Loud? application was developed to run on a 
limited set of smartphones with similar hardware; namely the iPhone 4, 4S and 5. It was 
developed using MonoTouch on Xamarin Studio and runs on iOS 5.0 and above. By 
limiting the hardware to a select few, we are able to easily calibrate the measurements to 
a specific sound meter. This allows us to provide an error bound so that any analysis 
following from the community readings are meaningful. Preliminary calibration in a pilot 
study with six sites resulted in accuracy levels of + 3 DB. 
During measurements, the 2Loud? application records the sound via the smartphone’s 
microphone. To ensure a reliable result, the current implementation focused on the signal 
processing of the sound captured. 2Loud? first records the sound at 44.1 kHz at 16 bits, 
which is equivalent to the sound quality of a music CD. The recording is processed in 1 
second blocks, where Fast Fourier Transform (FFT) was applied to the waveform to 
identify the individual sound pressure levels across the frequency spectrum. The sound 
pressure level at each key frequency is then A-weighted according to obtain the final 
reading. To further ensure that the readings are obtained indoors at the household of 
interest, the geo-location of each read is further used to filter any readings taken outside a 
given radius of the household’s address.
In order to satisfy the expectation of residents who live out of the study area, but are 
interested and motivated to engage in the monitoring process, 2Loud? allows users to 
operate the application in “lite mode”. This provides functionalities of monitoring local 
noise without sending the readings to the server for further analysis.   
4. Capture: This step refers to the acquisition of noise data on a mobile phone. After 
uploaded to personal mobile phones from Apple App Store, 2Loud? measures sound 
pressure level (SPL) in A-weighted decibels, displaying on the mobile screen the 
instantaneous sound pressure level and the long term equivalent for an interval. The user 
needs to manually start and finish the monitoring process. The best place and time to 
measure noise for the purpose of the project is from 10pm to 7am, inside residences, in a 
silent room facing the highway. Location, date and time are automatically captured from 
the phone together with the noise measurements by the application. Day measurements 
can also be carried out by participants.  
5. Transfer and Storage: In this step, the data captured using the mobile phone is transferred 
to a server through existing wireless networks. In the current implementation, the 2Loud?
application emits 10 readings per second and for each minute, the application will upload 
the readings to a server. In the pilot run, twenty server instances were set up on Microsoft 
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Azure (http://www.windowsazure.com) to handle up to 800 separate measurement 
streams. The application is assigned to one of the twenty Azure instances automatically 
when the user runs the application for the first time. By spreading the upload across 
twenty Azure instances, we avoid a single point of failure during the continuous 
operation overnight from 10pm to 7am – the period of study. Once data capture 
completes, the data are then downloaded for analysis. 
6. Access: The importance of privacy and security of personal data in participatory sensing 
processes is emphasised in the literature (Lane et al., 2010; Kanjo et al., 2010). The 
2Loud? project data policy is regulated by the project approved by the Research Ethics 
Committee (STEC-6-2013-LEAO). All data provided by participants is de-identified and 
kept safe and confidential. Only aggregated data, which protects privacy, is presented 
publicly in the form of noise maps or graphs.  
7. Analysis: This step includes some data processing methods in order to convert a large 
amount of instantaneous noise readings produced by the community from different 
sources, dates and times, into more meaningful indicators of noise exposure. In the 
2Loud? project, only readings with 1 hour or more are processed and analysed. Acoustic 
signals usually exhibit quick and wide fluctuations, and for this reason, noise levels are 
generally computed as long term averages. The instantaneous readings are converted into 
LAeq for a period of 1 hour, for the whole duration of the monitoring, for each user. 
Aggregation of data (average and standard deviation) is performed for different readings 
from the same user first, and from different users within the same cells, afterwards. Detail 
about the method of aggregation is out of the scope of this paper.  
8. GIS (Geographic Information System): The 2Loud? project uses GIS (ArcMap and 
Google Earth) as a platform for integrating information. The study area is mapped, 
including dwellings, parcels, cells, highways, sound barriers, topography, and vegetation. 
Noise readings, from both community monitoring and reference sites for calibration (next 
item), after processing, are related to locations. A number of spatial relations and analysis 
can be performed in GIS, such as different levels of exposure to traffic noise due to 
horizontal and vertical distance from highways, effect of different structure and materials 
of dwellings, distance from existing sound barriers, etc. This can be used to investigate 
patterns in space and time, and explore a combination of actions towards the attenuation 
of noise levels.  
9. Validation: Inaccuracy is frequently mentioned in the literature as one significant barrier 
to the full development of community participatory monitoring processes (Gouveia and 
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Fonseca, 2008; Kanjo et al., 2010; Rana et al, 2010; Santini et al., 2010; Conrad and 
Hilchey, 2011; D’HONDT et al., 2012; ). In the 2Loud?  project we are developing a 
number of laboratory and field experiments to calibrate the application and evaluate its 
level of accuracy. 21 participants registered in the project were selected as reference sites. 
The reference sites, distributed across the study area, have a more complete set of noise 
monitoring. 2Loud? application in a mobile phone monitors noise for a 24 hour period 
indoors; at the same time and at the same location a scientific sound meter 
(specification?) monitors indoor noise with high precision. For a period of one hour, 
another sound meter (same specification) measures outdoor noise, within the same 24 
hour period. The placement for the inside and outside sound meters was determined 
according to AS1055.1: 1997. This set of noise readings allows the assessment of the 
accuracy of the 2Loud? noise measurements, and also the level of attenuation of noise 
between outdoor and indoor. Detailed characterisation of the location and house structure 
are computed.    
10. Feedback and Visualisation: Two strategies are designed for community and research 
feedback. First, being the first test of 2Loud? it will be important to collect information 
from community about the system usage and to discuss forms to improve it. Second, 
2Loud? will provide feedback to participants by delivering noise readings back to 
community. For this intent, 2Loud? will provide weekly maps of exposure to traffic 
noise, based on the noise measurements from the community. The Laeq 9 hours (10 pm 
to 7 am) will be calculated as an average and standard deviation of the Laeq for all 
readings from residents within a cell. The result will be displayed over Google Earth. The 
mobile application will display only the most recently updated week, while the website 
will present the latest dataset, and a collection of the previous maps.  
Conclusions 
The 2Loud? application is currently being tested by the community of the City of Boroondara. 
Therefore, many of the components of the project described in the previous section have not 
been fully developed or evaluated yet, such as levels of participation, final accuracy, or 
exposure to noise maps. These will be assessed and discussed in future publications.  
The 2Loud? project has entereds an incipient field of research, but lessons learned from recent 
precedents and related literature assessing participatory sensing initiatives have helped us to 
develop a research framework including strategies to overcome some well documented 
challenges, such as accuracy, privacy and contextual issues.  
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The literature demonstrates that benefits from the process of participatory environmental 
sensing are substantial for individuals, communities and the environment. There are a number 
of community based monitoring groups worldwide actively engaging in a diversity of 
environmental issues. Although activities are normally well documented in the internet and 
social media, there is poor assessment of these experiences and processes in the scientific 
literature. This can be one of the reasons for the limited acceptance of community collected 
data by authorities for planning and management purposes. It seems that although technology 
is moving fast and our current smartphones have the capacity of performing complex and 
good quality data collection, there is still need for research on how to channel this data to 
those responsible for managing environmental issues.  
The 2Loud? project departs from the understanding that traffic noise pollution is a very 
complex issue, and that a healthier environment would come from the integration of multiple 
actions from multiple stakeholders. Citizens, communities, transport agencies, local and state 
government, scientists are all part of the solution for the problem. The 2Loud? project , differs 
from its precedents, which were IT driven, by having the urban environment as the driving 
force. In the core of the 2Loud? project sits “people, institutions, and the built environment”. 
The technological application developed is instrumental to the goal of achieving a healthy 
urban environment. This is an important point of difference. As mentioned before, most of the 
precedent researches were abandoned before they could make a real impact to people’s 
environment and quality of life.  
The 2Loud? application is being tested in a real community experiment in order to assess the 
participatory process, together with the correctness of the technology. The assessment of this 
current stage will set the basis for further research. Next steps are suggested to follow three 
interrelated streams: (1) Community-centred approach: how can the community monitoring 
process be improved by more participation, better participant’s experience and more effective 
use of the data? (2) Health-centred approach: How is the correlation between long-term 
exposure to excessive traffic noise and health in a community? and (3) Technology-centred 
approach: How can the accuracy, performance and usability of 2Loud? be improved?  
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